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Introduction
Cytokines which are mostly produced by immune cells, are the main arm of immune system and play several roles from inflammation to tissue damage or regeneration [1] . It has been demonstrated that IL-6, IL-8 and tumor necrosis factor-alpha (TNF-α) are the main proinflammatory cytokines that are produced by several cells such as macrophages and denderitic cell [2] . The cytokines induce immune cells activation and recruitment and also are the main inducers of arthrosclerosis [3] . TNF-α is the main inducer of infectious shock and can induce hypotension which is the main cause of coma and death in the infected patients [4] . Additionally, tumor growth factor-betta (TGF-β) is an anti-inflammatory cytokine which participates in tissue remodeling and angiogenesis [5] . Based on the fact that during coronary artery disease (CAD) and atherosclerosis the blood tissue is damaged by several agents, like immune cells, it could be hypothesized that the pro-inflammatory cytokines like IL-6, IL-8 and TNF-α and anti-inflammatory cytokines like TGF-β may play key roles in the pathogenesis of the disease [6] . Furthermore, it has been demonstrated that hypertension is a pathologic condition of the cardiovascular system [7] . It is well known that cytokines can manipulate cardiovascular system, like the roles played by TNF-α in the infectious shock [8] , it has been hypothesized that cytokines may participate in the induction of hypertension. Previous investigations also confirm that serum levels of IL-6, IL-8, TGF-β and TNF-α were altered in the patients suffering from hypertension and CAD [9, 10] . Aspirin, Clopidogrel, Atorvastatin, Betablokers (Metoprolol and Carvedilol), Nitrates, Losartan and Captopril are the main drug components that are used for treatment of hypertension and CAD [11] [12] [13] . The drug components also have anti-inflammatory effects and accordingly, it has been postulated that the drug may improve the hypertension and CAD complications via downregulation of pro-inflammatory molecules. Due to the introduction regarding the roles of cytokines, the main aim of this study was to evaluate the serum levels of IL-6, IL-8, TGF-β and TNF-α in the patients with hypertension and CAD in comparison to individuals without hypertension and CAD who were under treatment with Aspirin, Clopidogrel, Atorvastatin, Metoprolol, Nitrates, Losartan, Captopril and Carvedilol.
Materials and Methods

Subjects
This interventional study was performed on a population of Iranian patients with suspected CAD who were candidates for coronary angiography in SHAFA HOSPITAL of Kerman University of Medical Sciences, Iran. Participants filled out a standard questionnaire including demographic information such as age, gender, family history of CAD, education, smoking and use of specific drugs [14] . The inclusion criteria were I) Existence of the ischemic heart disease symptoms, II) Identifying the presence or absence of coronary angiography and III) Acceptance to collaborate in the project. The exclusion criteria were considered as in the previous studies including impossible to investigate the patient exactly and also a history of heart surgery, smoking, congenital heart disease, immune related sickness, nephropathic diseases, and current infectious, diabetes and respiratory diseases, and also physiological conditions related to immune responses such as pregnancy [15] . Given that, all the patients had CAD criteria including chest pain and so on, hence, they were under treatment with Aspirin, Clopidogrel, Atorvastatin, Metoprolol, Nitrates, Losartan, Captopril and Carvedilol. It is worthy to note that all patients with suspected coronary artery disease (CAD) who have been referred for coronary angiography were under treatment for CAD before of coronary angiography, because they were symptomatic, had history of CCU admission or there was evidence of myocardial ischemia in noninvasive study such as exercise test or perfusion imaging. After coronary angiography performed drug administration continued in patients with CAD according to severity of disease and discontinued in patients with normal coronary angiography. The protocol of the study was approved by the Ethical Committee of Kerman University of Medical Sciences.
Selective coronary angiography was performed for all patients according to standard techniques [16] . CAD is defined as luminal diameter narrowing of 50% or more in the main coronary artery vessels, those without any plaque were defined as normal (control group). Hypertension was defined as SBP>140mmHg and/or DBP>90mmHg, and/or on antihypertensive treatment. According to the angiographic data, history, cardiac enzyme assay and electrocardiogram (ECG), participants were divided into four groups as follows: group 1 included 60 patients with hypertension but not CAD, group 2 included 95 patients with hypertension and CAD, group 3 included 61 patients with CAD but not hypertension and group 4 included 70 cases as controls (without hypertension and CAD). The sex, age and smoking matched participants without hypertension and CAD were considered as controls.
5ml blood samples were taken without anti-coagulant pips and centrifuged at 3000 rpm for 10 minutes to separate serum and then kept at -20˚C for future cytokine assays.
Cytokine assay
Serum levels of IL-6, IL-8, TGF-β and TNF-α were evaluated using commercial kits from eBiosciences Company, USA, according to the manufacture's protocols.
Statistical analysis
Numerical variables are presented as mean ± SE (standard error of mean), while categorical variables are summarized by numbers and percentages.
Serum levels of cytokines were compared using one-way ANOVA followed by Tukey's multiple comparisons test, across the four studied groups. Correlations between BMI and serum levels of the cytokines were evaluated using Spearman' rho correlation of coefficient (r s ). Also, comparison of drug usage frequencies across the four studied groups was performed using chisquare test. Association between quantitative variables was assessed using Pearson's correlation coefficient (r).
For the statistical analysis, the statistical software SPSS version 13.0 for windows (SPSS Inc., Chicago, IL) was used. All p values were 2-tailed, with statistical significance defined by p 0.05.
Results
With regard to oral medications before coronary angiography, although administration of Aspirin 80mg daily, Clopidogrel 75mg daily, Betablockers and Nitrates was similar between patients (groups 1, 2 and 3) and control (group 4), Losartan, Captopril and Atorvastatin were administered more to patients in comparison to control group, and these differences were significant ( Table 1) . Doses of Losartan and Captopril were 50mg twice daily (groups 1 and 2) and 25mg daily (groups 3 and 4). Dose of Atorvastatine was 40mg daily (groups 1, 2 and 3) and 10-20mg for group 4. Accordingly, the control group received significantly lower Atorvastatin (P = 0.006), Losartan (P< 0.001) and Captopril (P = 0.001) than group 1, 2 and 3. Use of other drugs including Aspirin (P = 0.541), Clopidogrel (P = 0.072), Metoprolol (P = 0.304), Nitrates (P = 0.567) and Carvedilol (P = 0.753) was similar in all groups ( Table 1) .
As mentioned in the Fig 1, the results demonstrated that the serum levels of IL-6 were significantly decreased in group 1 (27.93 ± 5.57), 2 (24.01 ± 4.23) and 3 (39.27 ± 4.41) when compared to control group (59.90 ± 5.64) (p< 0.001). Serum levels of TGF-β in the groups 1, 2, 3 and 4 were 33.37 ± 4.96, 29.70 ± 2.47, 30.48 ± 5.28 and 19.15 ± 1.96 (Fig 1) . Statistical analysis demonstrated that serum levels of TGF-β were significantly increased in the patient groups in comparison to control group (group 4) (p = 0.041).
The serum levels of IL-8 (p = 0.920) and TNF-α (p = 0.086) were not statistically different among groups (Fig 1) . Data are displayed as mean (pg/mL) ± SE.
The results also showed that serum levels of TGF-β (r s = 0.210, p = 0.012) and TNF-α (r s = 0.153, p = 0.048) have poor correlations with BMI, but IL-6 (r s = 0.075, p = 0.236) and IL-8 (r s = -0.064, p = 0.322) have no correlation with BMI.
Statistical analysis also revealed that the serum levels of IL-6, IL-8, TGF-β and TNF-α did not differ statistically between males and females in the participants in group 1, 2 and 3, respectively (Figs 2, 3 and 4).
While serum levels of TGF-β in females were higher than in males (p = 0.003) in the control (Fig 5) .
Statistical analysis revealed that, although weight was similar among groups, age was significantly different among groups (Table 2) . Post hoc tukey test revealed that only the differences between group 4 vs 2 (p = 0.004) were significant. Additionally, BMI was also different between groups and Post hoc tukey test revealed that only the differences between group 1 vs 2 (p = 0.016) and 1 vs 3 (p = 0.008) were significant ( Table 2) . Table 3 illustrates that there are positive poor correlations between IL-8 vs TNF-α (.323) and IL-6 vs TGF-β (.343) and also a poor negative correlation between TNF-α vs TGF-β (-.289) in the group 1. There is a good correlation between IL-6 and TNF-α (.612). The correlation between age, weight and BMI with cytokines was too poor to affect their expression in the group. Results shows that there is a poor positive correlation between weight vs TGF-β (.284) in group 2 but other correlations were too poor with cytokines to affect their expression (Table 4 ).
In the group 3, there are poor positive correlations between age vs TNF-α (.268), BMI vs IL-8 (.226) and BMI vs TGF-β (.219). There is also a poor negative correlation between BMI and TNF-α (-.252). Other correlations with cytokines were too poor to affect their expression (Table 5) .
Statistical analysis in the control group (group 4) also demonstrated that there are poor positive correlations between age vs IL-8 (.201), weight vs TNF-α (.278) and moderate positive correlation between BMI vs TNF-α (.436). There is a negative poor correlation between IL-6 and TGF-β (-.251). Other correlations were too poor with cytokines to affect their expression in the group (Table 6) .
Discussion
It has been documented that most of the drugs which are used for treatment of hypertension and CAD play key roles as anti-inflammatory agents. Previous investigations also confirmed the anti-inflammatory effects of the components. For example, it has been demonstrated that Atorvastatin modulates the innate immune responses by activation of endothelial [17] , macrophage [18] , monocyte [19] , NK cell [19] , and neutrophil function [20] . The cells are the main source of pro-inflammatory cytokines including IL-6, IL-8 and TNF-α [21] . TGF-β is also produced by the cells. Accordingly, Blankier et al. reported that Atorvastatin reduced expression of IL-2 and TNF-α by immune cells [22] . Decreased expression of pro-inflammatory cytokines by immune cells under treatment of other drug components including Aspirin, Clopidogrel, Metoprolol, Nitrates, Losartan, Captopril and Carvedilol have also been reported previously [23] [24] [25] . Thus, it has been hypothesized that the drugs may downregulate pro-inflammatory cytokines in the patients suffering from hypertension and CAD. Our results showed that all four groups have received all the mentioned drugs, but the control group has received lower doses of Atorvastatin, Losartan and Captopril when compared to other groups (group 1, 2 and 3). Thus, although, we have not evaluated the cytokines serum levels before and after treatment with Atorvastatin, Losartan and Captopril, but based on the results it may be hypothesized that alterations in the cytokine serum levels in the groups suffering from hypertension and CAD in comparison to controls may be associated with the higher doses of the drugs. Thus, more clinical trial investigations using Atorvastatin, Losartan and Captopril can shed light on the understanding of the main mechanisms played by the drugs. The results also revealed that serum levels of IL-6 and TGF-β were significantly decreased and increased, respectively, in the studied groups when compared to control group (without hypertension and CAD). Based on the results it seems that Atorvastatin, Losartan and Captopril may be considered as future target for investigation of their effects on the reduction of IL-6, as a pro-inflammatory cytokine, and increased TGF-β, as an anti-inflammatory cytokine in the studied groups (group 1, 2 and 3). TGF-β is not only an anti-inflammatory cytokine but also plays a key role in repairing the injured tissues including vessels [5] . The cytokine is an angiogeneic factor which actively participates in the development of vessels [5] . Due to the increased expression of TGF-β in the patients with hypertension and CAD who underwent treatment with Atorvastatin, Losartan and Captopril, it may be concluded that the drug components lead to improvement of hypertension and CAD in the specific drug mechanisms and also indirectly via upregulation of TGF-β, which is needed to be evaluated by more clinical trial investigations. It has also been reported that IL-6 is a potential inducer of addressing molecules on the inflamed vessels [21] . Increased expression of the cytokine in the patients suffering from hypertension and CAD has been reported in the previous investigations [26] . Thus, it seems that IL-6 may be considered as a risk factor for hypertension and CAD. Our results revealed that Atorvastatin, Losartan and Captopril may have an indirect therapeutic manner via downregulation of IL-6. Previous investigations on animal models showed that Captopril reduced expression of IL-6 by inhibition of NF-κB, the main transcription factors which transcript from pro-inflammatory cytokine including IL-6 [27] . Another study revealed that Captopril increased expression of TGF-β in animal models [28] . Atorvastatin also reduces expression of pro-inflammatory cytokine by inhibition of NF-κB [29] . Besides, cytokines play important roles in the cells proliferation and also fibrogenic features disorders like atherosclerosis [30] . Moreover, since the significant relations between nerve/cardiovascular systems with immune system via cytokines network were also reported by investigators [31] , based on the results presented in the current study it could be assumed that Atorvastatin, Losartan and Captopril, in addition to the known mechanisms, may improve hypertension and CAD via downregulation of pro-inflammatory cytokine and upregulation of anti-inflammatory cytokines, as indirect pathways, and this hypothesis need to be evaluated with more experimental and clinical trial studies. Interestingly, there is a report by Guimarães et al., which showed that Atorvastatin downregulates TGF-β [9] . It appears that the drugs show various features when they are used alone or in combination with other components. Thus, more clinical trials are needed to improve our knowledge regarding the in vivo effects of the drug components on human immune system. Our results also demonstrated that serum levels of TGF-β were significantly increased in females when compared to males in the participants without hypertension and CAD (group 4). While no significant association between evaluated cytokines and gender was observed among other groups. It appears that gender has an effect on the production of TGF-β in the patients without hypertension and CAD.
Results revealed that age, BMI and weight have no or poor correlations with the cytokine production. Thus, although the groups differed regarding age and BMI, it seems that the interfered criteria have not affected expression of evaluated cytokines. The results also demonstrated that there is a moderate correlation between IL-6 and TNF-α in the group 1. It has been proven that IL-6 has an agonistic effect with TNF-α. The cytokines are the main cause of macrophage activator and induction of arthrosclerosis. Thus, it seems that although group 1 patients have not been affected by CAD, they are a potential candidate for induction of vessel's obstruction.
The strengths of the our study is the fact that this study is conducted on human samples and simultaneous analysis of plasma levels of several important cytokines in different conditions in individuals treated with various ranges of drugs. However, the potential limitations of our results were due to the fact that the study were recruited in one centre, which may limit the external validity of our findings, and also some data of the study was limited by questions and observation.
To the best of our knowledge this is the first study which evaluates the effects of hypertension and CAD treatment on the expression of anti-/pro-inflammatory cytokines.
Regarding to wide spread of hypertension and CAD in the world and various ranges of drugs accessible, it is suggested to perform similar study on the other populations to attain more evidences.
Conclusions
Our study has shown that, Atorvastatin, Losartan and Captopril have reduced inflammation in in vivo conditions via downregulation of IL-6 and upregulation of TGF-β.
